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Heavy ion beam:
3<Z<92, E=3–13 MeV/u, 

RF: 108/36 MHz
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(2011)
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Calculations for the current PHELIX parameters
300J, 1 ns, 250m, 1, 10 degree beam-line
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2-D hydrodynamics combined with 
2-D  multi group radiation transport

Numerical optimization of the plasma target geometry
for heavy ion stopping experiments



Au-cylinder d=1.3-1.7 mm, wall 10 m

1.8mm

PHELIX Laser:PHELIX Laser:
 

=1,06/0.53

 

m, 

 

=1.4/1

 

ns, 
E= 200-270/100-150

 

J, 
d~200-300m, I>1014 W/cm2, contrast 10-6

CHO-foam 2-20 mg/cm3

areal density x~ 150-500 mg/cm2

Au-foil 0.08m

Target:

creation of large (1mm X 1mm), homogeneous, long leaving ( >3 ns -
 

length 
of the ion bunch)

 
partially ionized plasma of ne

 

~ 1020-1021cm-3

E0 E1

Heavy ion beam
4-6 MeV/u
d~500m
=3ns

Heating of low Z foams by means of hohlraum
 

radiation



Properties under the ion and laser beams:Properties under the ion and laser beams:

1.
 

Higher conversion of laser energy in to the 
plasma temperature compared to the solid foils 

2.
 

Slow expansion
 

dynamics 
(, T ~ constant during nanoseconds)

3.
 

Fast ( ~sub ns) homogenization after laser
heating

4.   Energy broadening of the ion 
bunch caused by the 
porous structure has to be
acceptable (no merging of the

subsequent ion bunches)
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Why foams?
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Small pore size is important!



1.
 

Radiation field of the primary hohlraum
 

(converter)
2.

 
Conversion efficiency of the laser energy into soft X-

 rays

3.  Absorption properties of CHO-foams
4.  Temperature and ionization degree of heated by X-

 rays CHO-plasma 

What we would like to know?

31th
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February 4th, 2011 Hirschegg
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Effective heating of targets by X-rays
Hohlraum: Planckian

 

spectral distribution of the X-ray source emissivity

1. Emission spectrum of the X-ray source overlaps with
absorption spectrum of the heated material ( Au –> C,O)

2. Emission spectrum depends on the
hohlraum

 

temperature (Planck)

3. Absorption efficiency ( for the given target material) 
depends on the plasma temperature
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Absorption coefficients of CHO-plasma



TAC-foam 0.002g/cc
800m thick

x=1.6mg/cm2

1 m pore-size
0.1 m solid wall

homogenization       
time –

 

sub ns

HD of CHO-foam heated by the external X-ray source:    
Planck, Trad

 

=20-40eV, tx-rays

 

= 5ns

What we would like to know: Te (x, time)=?,  (x, time)=?
X

P
lanckian radiation 

Incident radiationtransmitted + plasma self rad.  

G. Vergunova, LPI, Moscow

Code RADIAN: two-temperature hydrodynamics with radiative transfer 
equation  using TAC-foam opacities calculated by N. Orlov, JIHT
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315. Incident flux Planck :Trad=30eV,  τrad

 

=5ns. 
Target  TAC, Δ=1000μm,  ρ=0.002g/cc. 
Optical coefficients calculated by Orlov. 

Temporal profiles of plasma density and temperature
N317. Incident flux Planck :Trad=50eV,

 

τrad

 

=5ns. 
Target  TAC, Δ=1000μm,  ρ=0.002g/cc. 
Optical coefficients calculated by Orlov. 

homogeneous
 

at 
 

> 1 ns! 

He-like
C, O 

Te distribution heterogeneous up to 5ns

X-rays
density density

temperature temperature

X-rays
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Transmitted hohlraum
 

energy in dependence on plasma            
temperature and target chemical composition
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Target : 1000 m 2 mg/cc TAC or CH2

Trad

 

=50 eV,
 



 
x-ray

 

=5 ns

G. Vergunova, LPI, Moscow.

The higher is hohlraum

 

temperature the 
less efficient is foam heating by X-rays
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Combined targets: converter -
 

foam



TGS1

CCD

Wide range 
transmission grating 
spectrometer 
(0.1 - 1 keV)

~1.5m

to UNILAC
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Diagnostics:
1.

 

Au-

 

transmission grating spectrometers:
a.

 

Wide photon energy range (0-1 keV)
b.

 

Range 1-20 nm with l/dl~ 1000. 
2.

 

Pinhole-cameras -2-4
3. Vacuum X-ray Diodes (2) with a carbon cathode (300-600eV), ns-time resolution
4. FSSR-mica Spectrometer for Au-radiation in 1-2 keV

 

photon range

P014 beam-time at Z6

target

Target: 
Au-hohlraum

 

1.8 mm diameter+
foam PMMA-

 

10-mg/cc 450m 
or foil-

 

(CH)n

 

–

 

1.1g/cc 4.5 m

laser
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VRD
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~0.2keV

Elas

 

=240J
Trad

 

=40eV
EX-rays

 

~ 40J

Laser
~250J, 1.4 ns

45 (54)° to TGS
X-ray diode
pin-hole

pin-hole image
of the hohlraum
in 0.2-0.28 keV 

Transmission Grating Spectrometer (Sarov)
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Soft X-ray signal ~ 6ns
(laser pulse-1.4ns)

1mm

converter absolute 
calibrated

UV-film

N. Suslov, A. Kunin, N. Zhidkov, Sarov

Planck approximation

Results (1):  Diagnostics of the converter radiation field



HohlraumHohlraum
 

equivalentequivalent
 

radiation temperatureradiation temperature

Conversion efficiency of laser energy into XConversion efficiency of laser energy into X--raysrays

Trad
 

= 30-40eV

up to 17% (1)
40J in soft X-rays

Soft X-ray pulse duration

x-rays = 5-7 ns

Main results:    Converter (primary hohlraum)

uniform 1.7 mm soft X–ray source

By irradiation of the primary hohlraum
 

with 230-270J 
laser energy (1.4ns, =1.054 m) we create



Shot 24.02.10(1) E=130J

Shot 17.02.10(2) E=120J
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Target: converter d=1.7mm,h=1.7mm, wall 10 m Au, bottom Au 168g/cm2

Target: converter+
 

0.002g/cc 800m TAC

75% of the hohlraum radiation
in the range 60-1200eV is 
absorbed in CHO-plasma

absolutely 
calibrated
XUV-film

Converter
radiation

Converter radiation 
transmitted trough foam

Absorption of soft X-rays by foam layer:                       
four fold attenuation of the converter radiation by plasma



Amount of  X-ray energy absorbed in foam targets

Main results:  absorption of X-rays in the foam target 

up to 30 J energy in soft X-rays ( 60-1200eV)

What is temperature of CHO-plasma?



Hohlraum S pec tra GS I C onverter, s caled  to  fit 
edg e

0.0E +00

1.0E +11

2.0E +11

3.0E +11

4.0E +11

5.0E +11

6.0E +11

2.0 2.5 3.0 3.5 4.0 4.5 5.0

Waveleng th  [nm]

P
h
o
to
n
s
/P
u
ls
e
/s
r/
p
m

S hot 17

S hot 28

S hot 30

S hot 32

S hot 33

S hot 34

S hot 35

TAC 2mg/cc, 800m, 161J 

Foil 0.9 m CH, 270J
TAC 2mg/cc, 800m, 229J
Cold Carbon 500nm, 228J

Foil 0.9 m CH, 238J

TAC 20 mg/cc 100m, 255J
TAC 2mg/cc, 1000m, 248J

cold
plasma

Absorption spectra of ionized Carbon in heated by X-rays foams and foils
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CHO 800m

“cold”

CHO 800m

T=5 eV

T=10 eV T=20 eV

Absorption properties of CHO plasma

Dependence on plasma temperature/ionization degree

transmission of the planck spectrum through CHO plasma

0,0E+00

5,0E+01

1,0E+02

1,5E+02

2,0E+02

2,5E+02

3,0E+02

248 268 288 308 328 348 368 388

photon energy [eV]

pl
an

ck
, [

J/
cm

2 ]

transmission of the planck spectrum through CHO plasma

0.0E+00

5.0E+01

1.0E+02

1.5E+02

2.0E+02

2.5E+02

3.0E+02

248 268 288 308 328 348 368 388

photon energy, [eV]

pl
an

ck
,[J

/c
m

2 ]

transmission of the planck spectrum through CHO plasma

0,0E+00

5,0E+01

1,0E+02

1,5E+02

2,0E+02

2,5E+02

3,0E+02

248 268 288 308 328 348 368 388

photon energy,  [eV]

pl
an

ck
 , 

[ J
/c

m
2 ]

transmission of the planck spectrum through CHO plasma

0.0E+00

5.0E+01

1.0E+02

1.5E+02

2.0E+02

2.5E+02

3.0E+02

248 268 288 308 328 348 368 388

photon energy [eV]

pl
an

ck
, [

J/
cm

2 ]

“cold” Te=5 eV

Te=20 eVTe=10 eV

Planck 40eV

Absorption K-edge 
Of Carbon (285 eV)
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TAC 800 m

Nikolay Orlov, JIHT, Moscow

Calculated for homogeneous temperature distribution over the foam thickness



Simulations of the transmitting through CHO-plasma          
hohlraum

 
spectrum using results of HD calculationss

photon energy, keV G. Vergunova, N. Orlov

C alibrated  Hohlraum S pec tra GS I C onverter

1.0E +09

1.0E +11

2.0E +11

3.0E +11

4.0E +11

5.0E +11

6.0E +11

7.0E +11

250 270 290 310 330 350 370 390

Photon  E nerg y  [eV]

P
h
o
to
n
s
/P
u
ls
e
/s
r/
p
m

20eV

Planck
20-40 eV10eV

5eV

cold

d1d3 d2d4

to spectro-
meter

( )oI t( )I t

Heated foam

( ) ( ) ( )( ) ( ) i i it k t d t
o

i

I t dt dt I t e      

C+4
C+3 C+2

C+0 C+1

experimentsimulations

appears in plasma
at Te > 15eV



-5 0 5 10 15 20 25
0

0.5

1

1.5

2

2.5
x 10-9

t,ns

Q
/n

s

XRD1 ( 0.9 m Mylar)
XRD2 3 m Al

focal

 

spot

reflected

 

laser
light

colliding
plasma

d=1.5mm

150

X-ray pin-hole image

7 ns    FWHM

0 100100 λ, Åλ, Å 50 50

<500eV -

 

effective

 

absorbtion

 

by

 

CHO-foam

150
Zero
order

X-ray

 

photo

 

diodes Equivalent Planckian

 

temperature 

PHELIX: 2
 
Beam-time March,1-

 
4, 2011

TPlanck

 

~43 eV

XRD2

Laser:      E=100-150J          t=1ns;         d=200-300 m    I = 2-
 

4. 014

 

W/cm2

Target:    gold hohlraum
 

d=1.3-1.5mm;  foam: TAC 2 mg/cc thickness 0.5 –
 

1mm

0

200

400

600

800

0 0.2 0.4 0.6 h, keV

J,
 J

/k
eV

/s
r/c

m
 2

Experiment

TPlanck= 34 eV

80 120 250
500

8

500
250 120 80 E,keVE,keV

Spectrum of Au-hohlraum

 

(transmission

 

grating spectrometer (TGS))

Small fraction
of radiation

 

>0.5 keV

3 ns



Sh24, 104J ( 77nm Au + 500 um TAC)Sh23, 100J, no bottom, no TAC

to pin-hole

shot 23
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Converter: 



 

X-ray source:
Trad

 

= 30 -

 

40eV   d=1.3-1.7mm  t = 5-8ns



 

E

 
x-rays

 

~40J  ; up to17% of the laser energy (1)
at 2

 

–up to 40% (beam-time 1-4.03 2011)



 

Ix-rays

 

= 2. 1011 W/cm2

Foam:



 

Effective (75-90%) absorption of soft x-rays (50-1000eV)



 

Deformation of K-edge: diagnostic of the plasma temperature and 
ionization degree.



 

Data on the dependence of the foam-layer transmission on the layer 
thickness and converter temperature

Results on indirect heating of foam targets



Beam-time March 2011 
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